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According to the literature of localized knowledge spillovers, spatial proximity 
facilitates face-to-face interactions among researchers and, through these 
interactions, promotes knowledge spillovers—a key driver of innovation, 
technological progress, and economic growth. However, empirical evidence 
on the existence of localized knowledge spillovers remains sparse.  
 
The purpose of this thesis is to provide some preliminary empirical evidences 
on the existence of localized knowledge spillovers through a case study of a 
biomedical real estate project in Singapore—Biopolis, which was established 
in 2002 and is a 200-hectare high-tech industrial park housing more than ten 
public biomedical research institutes. The study uses co-authorship of 
publications as a proxy for research collaborations and knowledge spillovers 
that may be induced by face-to-face interactions between researchers located 
in close proximity. The study also serves an empirical assessment of the 
effectiveness of the Singapore government‘s US$5 billion investment and a 
documentation of the development of an industrial real estate project.  
 
The results show that with ten years since Biopolis was launched, the number 
of co-authorships among researchers from different institutes located in 
Biopolis increased significantly faster than that of co-authorships between 
Biopolis-based researchers and researchers located outside Biopolis but in 
 viii 
Singapore, which in turn increased significantly faster than that of 
co-authorships between Biopolis-based researchers and those from abroad. 
These results suggest that spatial proximity does matter to the likelihood of 
entering collaboration by researchers.  
 
In addition, the average number of author affiliations per co-authored article 
increased over time for the co-authorships by researchers from different 
institutes in Biopolis as well as for co-authorships between Biopolis-based 
researchers and researchers located outside Biopolis but in Singapore, 
suggesting that research collaborations among Biopolis- and Singapore-based 
researchers are becoming more and more widespread. Further, the average 
shares of Biopolis- and Singapore-based co-authors per article of the total 
co-authorships were high and also grew significantly during the review period, 
suggesting that these researchers played a leading role in producing these 
co-authored publications.  
 
While all these results are in support of the localized knowledge spillovers 
hypothesis, a number of limitations are highlighted in the thesis. These include 
the needs for longer time series observations of co-authorship, for identifying 
collaboration motivations directly through a possible survey of the co-authors, 
and for constructing a better control group. These point to the directions for 
more follow-up studies.  
 ix 
List of Tables 
 
Table 3.1 QS world university rank 2010, the biomedical area     25 
Table 4.1 Steps of the empirical analysis         38 
Table 4.2 Co-authorship grouping criterion        38 
Table 4.3 Publication Record Example 1         39 
Table 4.4 Publication Record Example 2         40 
Table 4.5 Excel form record of example 1         41 
Table 4.6 Excel form record of example 2              42 
Table 5.1 Number and percentage share of co-authored publications by group, 
2002-2010               45 
 
List of Figures 
 
Figure 3.1 Transformation of Singapore Economy                    22 
Figure 3.2 Research and researcher intensity, Singapore and OECD countries, late 
2000s                  22 
Figure 3.3 Singapore‘s public expenditure on R&D by fields     24 
Figure 3.4 Procedure of biomedical production        26 
Figure 3.5 Translational Research and Clinical Research in Biopolis   27 
Figure 3.6 Biopolis Sky-bridges           30 
Figure 3.7 Structure of collaboration in Biopolis       31 
Figure 4.1 The framework for the hypothesis testing       33 
Figure 5.1 Percentage share of co-authored publications by group, 2002-2010 46 
Figure 5.2 Growth of co-authored publications by group (%), 2002-2010  47 
Figure 5.3 Percentage share of co-authorships by group and year (%), 2002-2010 48 
Figure 5.4 Percentage share of co-authorships by Group A, 2002-2007 and 2007-2010 
Figure 5.5 Average number of affiliations per article by group, 2003-2010     50 
Figure 5.6 Average share of Biopolis- and Singapore-based co-authors per article 54 
Figure 5.7 A*STAR‘s patent applications and awards from 1995 to 2009    55 
Figure 5.8 Average numbers of citations per author and per affiliation, all the 
co-authored articles associated with Boipolis, 2004-2009.      56 
Figure 5.9 Number of publications in Nature and Science from the co-authored 
articles by Biopolis researchers and their collaborators, 2002-201     57 
 1 
Chapter 1  Introduction 
 
1.1  Background 
 
After the 1997 Asian Financial Crisis, Singapore identified the biomedical and 
life sciences as a sector with a significant potential to upgrade it into a 
knowledge-based and innovation-driven economy. Since then, the sector has 
become one of the key pillars of the Singapore economy, along with electronic 
engineering and chemicals (A*STAR, 2011). The sector‘s average annual 
growth rate reached 9% in the last twenty years, with the share of biomedical 
output in total manufacturing output increasing from 1.8% in 1990 to 8.6% in 
2010 (STEP 2015, A*STAR). In 2009, the biomedical science sector 
contributed about 4% of Singapore's gross domestic product (GDP) and 
provided more than 16,000 job opportunities including about 4,300 research 
positions in more than 50 companies and 30 public sector research institutes. 
In 2010, Singapore‘s biomedical science manufacturing output reached SG$21 
billion and accounted for 3% of the global market. The county is targeting 




In 2002, Agency for Science, Technology and Research (A*STAR) and Jurong 
Town Corporation (JTC) launched an industrial real estate project, Biopolis, to 




promote biomedical sciences research and development (R&D).
2
 The project 
involves constructing a 200 hectare high-tech industrial park, situated in 
One-North, under a five-phased development plan and with a budget of US$5 
billion. The first three phases were completed by 2011, the fourth phase was 
started in 2012, and the fifth phase is expected to be completed in June 2020. 
10 years after its launch, Biopolis now houses 11 Singapore‘s public 
biomedical research institutes and more than 2,000 biomedical researchers.   
 
A key objective of Biopolis is to house many biomedical research institutes in 
one location so that researchers, working and living in close proximity, have 
ample opportunities for social interactions, both formal (through meetings and 
seminars) and informal (such as in canteens and cafeterias). It is hoped that 
such interactions will promote research collaborations, leading to more 
knowledge spillovers and innovation output. The industrial park will also 
function as a resource center to share talents and research facilities by 
biomedical research institutes. Further, through co-location of biomedical 
research institutes and companies, it is hoped that Biopolis will encourage 
partnerships and collaborations between academia and industry and facilitate 
commercialization of research outputs.  
 
 
                                                        
2 A*STAR is Singapore's government agency for fostering scientific research and talent for a vibrant 
knowledge-based and innovation-driven economy. JTC is Singapore's principal developer and manager 
of industrial estates and their related facilities, belonging to the Ministry of Trade and Industry.  
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1.2  Objectives of the study 
 
This study examines whether and to what extent Biopolis has generated the 
intended impacts and achieved its objectives 10 years after it was launched. 
More specifically, the study asks whether housing many biomedical research 
institutes in one location has increased collaborations among researchers 
located in Biopolis. Such a study can help achieve the following objectives. 
 
Firstly, it will provide an empirical assessment on the effectiveness of the 
Singapore government‘s US$5 billion investment in Biopolis. Such an 
assessment could help guide the implementation of the Biopolis project during 
the rest of its investment period. It could also provide policy lessons for 
Singapore in implementing its national strategy towards a knowledge-based 
and innovation-driven economy. 
 
Secondly, the study can serve as a documentation of an industrial real estate 
project that supports frontier biomedical R&D in a small and open economy. 
While Singapore has already had a well-established biomedical industry to 
support its innovation-driving growth, many other Asian economies are 
learning from the Singapore experiences. In Taiwan, for example, Hsinchu 
Biomedical Science Park was launched on March 2003, one year after 
Biopolis was started. In Malaysia, the government has provided US$1.4 
 4 
billion to fund Malaysian Biotechnology Corporation in support for 
Malaysia‘s knowledge-based national development strategy since 2005. China 
and India, the two largest emerging countries, are making significant efforts in 
developing the biomedical sector in recent years. The Chinese government 
launched a new China Medical City in Taizhou (Jiangsu Province) in 2009, 
which is to house hundreds of biomedical companies. India has waived 12% 
service tax on development of new biomedical entities since 2007. The 
documentation of Singapore‘s Biopolis project could provide a useful case 
study from which policy lessons could be drawn by other countries. 
 
Thirdly, the study will contribute to the emerging literature on localized 
knowledge spillovers and provide empirical evidence on whether the Biopolis 
project has generated such knowledge spillovers as hypothesized by the 
literature. Localized knowledge spillovers are knowledge transmissions that 
rely on face-to-face interactions (Feldman 1996). Despite of a growing interest 
in this issue by economists in recent years, whether knowledge spillovers are 
more likely to be localized and have geographical bounds remain a 
contentious issue. Most studies on localized knowledge spillovers have 
followed indirect approaches, such as estimating a knowledge production 
function.  Focusing on face-to-face interactions provides a more direct way 
and may generate more convincing evidence, but such an approach has not 
been used much in the literature due to data limitations and measurement 
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difficulties (Glaeser 1999). This study uses co-authorship of publications as a 
proxy for research collaborations and knowledge spillovers that may be 
induced by face-to-face interactions between researchers located in close 
proximity, and hence adopts a more direct approach. 
 
1.3  Methodology and data 
 
The conceptual framework of the study follows the literature on localized 
knowledge spillovers. According to this literature, spatial proximity among 
research institutes (and companies) can enhance researchers‘ face-to-face 
interactions; face-to-face interactions induce more research collaborations and 
are a major channel of knowledge spillovers (Glaeser 1999); and knowledge 
spillovers are a key driver of innovation which in turn is a key driver of 
economic growth (Lucas 1988).  
 
Following this framework, the study looks at whether and to what extent the 
Biopolis project, which increases opportunities for formal and informal 
interactions and repeated contacts among researchers, has increased research 
collaborations and localized knowledge spillovers. Publication co-authorship 
is a key collaboration mode in biomedical research (Kazt and Martin 1997) 
and hence is considered a proxy for localized knowledge spillovers in this 
study. The study will empirically examine the pattern of co-authorship of 
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publications produced by researchers affiliated with research institutes located 
in Biopolis since 2002 when it was launched.  
 
The empirical analysis of this study is based on a dataset which I collected and 
which provides authorship information on 2,618 published biomedical papers 
that were co-authored by researchers from 8 public biomedical research 
institutes located in Biopolis with their collaborators from 2002 to 2010. 
Specifically, the analysis involves the following steps: 
 
Firstly, all the co-authored papers were divided into four groups according to 
the physical distance between the affiliated institutions of the co-authors. The 
first group includes papers authored by researchers affiliated with at least two 
research institutes located in Biopolis (Group A). The second group includes 
papers co-authored by researchers affiliated with one research institute located 
in Biopolis and their collaborators that were affiliated with at least one 
research institute or university outside Biopolis in Singapore and that may or 
may not be affiliated with foreign institutions (Group B). The third group, 
used more as a control group, includes papers co-authored by researchers 
affiliated with one institute located in Biopolis and their collaborators outside 
Singapore, that is, those affiliated with foreign institutions (Group D). The last 
group includes papers co-authored by researchers affiliated with the same 
research institute located in Biopolis (Group C). Although co-authorships in 
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this group are also likely to be induced by face-to-face interactions, since such 
interactions exist with and without the Biopolis project, this group can also be 
considered as a control group.  
 
If the hypothesis that spatial proximity increases knowledge spillovers is valid, 
we would expect that after the Biopolis project is launched and over time:  
 
(1) Group A co-authorships should increase and increase faster than those 
of Group B—because co-authors in Group A are physically more 
closely located than those in Group B; and  
 
(2) Group A and Group B co-authorships should increase faster than both 
Group C and Group D co-authorships—because Group D refers to 
collaborations with physically distant researchers affiliated with 
foreign institutions, while Group C co-authorships are not likely to be 
affected by the Biopolis project. 
The present study attempts to test the above hypothesis. 
 
1.4  Organization of the thesis 
 
The rest of the thesis is organized into five chapters. Chapter 2 reviews the 
literature of localized knowledge spillovers. Chapter 3 looks at the 
 8 
transformation of the Singapore economy since her independence in 1965, 
examines the importance of R&D investment for this small open economy, 
and introduces Singapore‘s biomedical industry and Biopolis. Chapter 4 
discusses methodology and data. Chapter 5 presents the results and analysis. 
Finally, Chapter 6 summarizes the key findings, discusses limitations of this 




Chapter 2  Localized Knowledge Spillovers: A Literature Review 
 
2.1  Introduction 
 
New growth theories emphasize the role of knowledge and its spillovers that 
drive innovation and technical progress. Externalities associated with 
knowledge spillovers lead to increasing returns and are a key source of 
endogenous growth (Romer 1986; Lucas 1988). In the literature of the new 
economic geography that has emerged since the early 1990s (Krugman 1991a 
and 1991b), a question that has attracted a great deal of research interest is 
whether knowledge spillovers are more likely to be localized and have 
geographical bounds. A large number of studies have attempted to explain why 
knowledge spillovers may be localized and spatially bounded, to empirically 
test the relevance of location and spatial proximity to the intensity and speed 
of knowledge spillovers, and to examine their policy implications (see surveys 
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by Feldman 1999; Autant-Bernard et al 2007; Breschi and Lissoni 2007). This 
chapter provides a brief review of the localized knowledge spillovers literature, 
focusing on conceptual issues and empirical evidence. 
 
2.2  Localized knowledge spillovers: Some conceptual issues 
 
Knowledge spillovers refer to benefits associated with R&D, innovation and 
human capital formation that go beyond firms that carry out these activities. 
Knowledge spillovers are therefore positive externalities and have been 
considered a key source of increasing returns in production. The importance of 
knowledge spillovers was recognized in the economics literature as early as 
almost a hundred year ago (Marshall 1920). Arrow (1962) identified 
externalities associated with knowledge due to its non-exclusive and non-rival 
use. Knowledge spillovers are a cornerstone of some endogenous growth 
models where constant returns at the level of individual firms coexist with 
increasing returns at the level of society (Romer 1986).  
 
Knowledge spillovers are a key source of economies of agglomeration which 
are at the heart of the new economic geography literature. For instance, in 
explaining the increased divergence in the distribution of economic activity 
between countries and among regions within a country and geographical 
clustering of growth centers, Krugman (1991b) emphasized the role of 
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external increasing returns arising from information or knowledge spillovers, 
along with labor market pooling, economic specialization, and pecuniary 
externalities that enable the provision of non-traded inputs to an industry in a 
greater variety and at lower costs.     
 
While that knowledge spills over was rarely questioned, whether or not the 
spillovers have a geographic range has been a heavily debated issue in the 
literature in recent years (Breschi and Lissoni 2001; Audretsch and Feldman 
2003). A key argument for localized knowledge spillovers is the existence and 
importance of tacit knowledge as opposed to explicit knowledge (Audretsch 
1998). Explicit knowledge can be easily standardized, codified, and 
transmitted via tangible mediums such as books, journal articles, project 
reports, and documentation of technologies. On the other hand, tacit 
knowledge is the knowledge that ―indwells in a comprehensive cognizance of 
the human mind and body‖ (Polanyi 1966), and is often related to the context 
in which it is presented and the individual‘s own interpretation of it. When 
knowledge is more tacit in nature, individuals‘ face-to-face interactions and 
communications and repeated contacts become critical (Feldman 1999). Since 
face-to-face contacts and communications will be greatly facilitated by spatial 
proximity, it follows that knowledge spillovers tend to be localized. Localized 
knowledge spillovers are the knowledge spillovers transmission of which 
relies on face-to-face interactions and repeated contacts. 
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The literature of localized knowledge spillovers distinguishes two types of 
spillovers (Glaeser et al. 1992). The first is the so-called 
Marshall-Arrow-Romer spillovers (MAR), which refer to intra-industry 
spillovers or externalities. According to this view, the proximity of firms 
within the same industry often affects how well knowledge spills among firms 
to facilitate innovation and growth: the closer the firms are located to one 
another, the greater the MAR spillovers will be. The Silicon Valley in the US 
is often cited as a good example of many semiconductor firms intentionally 
locating their R&D facilities there to take advantage of the MAR spillovers. A 
key objective of the Biopolis project, the focus of this study, is also to benefit 
from the MAR spillovers.  
 
The second type of spillovers is inter-industry spillovers, also called the 
Jacobs spillovers or externalities (Jacobs 1969). In contrast to the MAR 
spillovers which focus on firms in the same (or common) industry, the Jacobs 
spillovers, which are also affected by spatial proximity, occur among firms 
from different industries. According to this view, innovation opportunities are 
enhanced by exchanges and cross-fertilization among different technologies 
and sectors, which are most likely to occur within large cities. The Jacobs 
externalities view tries to explain how cities form and why they grow, and 
predicts that industries located in areas that are highly industrially diversified 
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should grow faster.   
 
However, there are criticisms to the literature of localized knowledge 
spillovers. Breschi and Lissoni (2001) provide a number of critiques to the 
theory of localized knowledge spillovers. One of the critiques is that technical 
knowledge and even more scientific knowledge may be considered as ―tacit‖ 
not because it cannot be articulated, but because it is highly specific and 
contextual. Such knowledge can in fact be codified by developing an 
appropriate vocabulary, which may be understood only by people with similar 
expertise. In that case, it is argued that ―it is not knowledge but the messages 
that transport that knowledge that is tacit‖ (Breschi and Lissoni (2001). Since 
tacitness and codification are mutually compatible and tacit messages can be 
sent over long distances by means of a variety of communication media (both 
written and oral), spatial proximity may not be critical for knowledge 
spillovers.   
 
Johnson and Lybecker (2011) provide evidence, in the context of the 
biotechnology industry, that while physical distance is important for 
knowledge spillovers, its importance tends to weaken over time. They attribute 
this weakening partly to advances in communications, which allow easier 
transmission of information across greater distances in the era of 
computerization, Internet, teleconferencing, and cellular communication. 
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These factors work to weaken the effect of spatial proximity. 
 
2.3  Localized knowledge spillovers: Empirical evidence 
 
There is a large body of empirical studies which attempt to test the theory of 
localized knowledge spillovers. Audretsch and Feldman (1996) identify three 
approaches among these studies: (1) knowledge production function approach; 
(2) paper trail method; and (3) human capital method. These approaches do 
not distinguish whether knowledge spillovers occur within the same industry 
(intra-industry) or between industries (inter-industry). However, all of them try 
to examine importance of spatial proximity and provide evidence for localized 
knowledge spillovers. This section reviews selected studies under each 
approach. 
 
2.3.1   Knowledge production function approach 
 
The knowledge production function approach often involves relating external 
R&D—distinguished by local and non-local or distant—to measures of firms‘ 
innovation output, such as patents or publication counts. Significant 
differences between the estimated parameters of the two types of R&D—with 
that of local R&D greater than that of distant R&D—are then interpreted as 
evidence of the existence of localized knowledge spillovers. This approach 
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starts with Griliches (1979) and is employed by Jaffe (1989). Jaffe shows that 
the number of patents of each US state is a positive function of R&D 
performed by local universities after controlling for private inputs and state 
population. This was explained as localized technological spillovers from 
academic institutions to industry. Bresch and Lissoni (2001), however, points 
out two drawbacks of the findings. Firstly, state as a geographic unit is too big 
and it is difficult to assume that people live in the same state have more 
chance to have face-to-face contacts than people live outside the state. 
Secondly, the technological areas of R&D including six disciplines, used by 
Jaffe, are too broad. 
 
Acs et al (1992) uses innovation counts rather than patent numbers and 
replicates Jaffe‘s work (1998). They consider innovation counts a better proxy 
of innovation output since it may capture the effect of ―geographical 
coincidence‖ that eluded patents. However, the study suffers from the same 
problems as faced by Jaffe.   
 
Audretsch and Feldmen (1996) try to test more directly the role of university 
R&D inputs in the production of localized innovations using less aggregated 
technological areas (four-digit SIC sectors). They show that geographical 
concentration of innovation outputs is positively related to R&D intensity of 
the industry, and they interpret this as evidence of the existence of localized 
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knowledge externalities. However, it has been argued that this finding does not 
prove, but rather assume, the existence of knowledge externalities (Bresch and 
Lissoni 2001). 
 
Feldman and Audretsch (1999) look at the relative importance of 
intra-industry externality and inter-industry externality by testing whether the 
number of innovations from sector i, in state s, owes more to the city 
specialization in sector i, or to the presence of, within the state, of other 
industries whose science base is related to that of industry i. They conclude 
that inter-industry externality matters more than intra-industry. They state that 
―concentrations of these firms foster important synergies in innovation process, 
as for example when innovations in semiconductors spill over into electrical 
and computer industries‖ (Feldman and Audretsch 1999, p.220). 
 
Anselin et al (1997) include in their model a spatially lagged variable, namely 
the university R&D expenditures carried out within varying distances from the 
recipient firm, and use spatial units of observations smaller than the states. The 
result shows that knowledge spillovers of university research have a positive 
impact on the rate of innovation and that they extend over a rage of 75 miles 
from the research region. 
 
In sum, from Jaffe (1989) until now, the knowledge production function 
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approach has produced many empirical findings which various authors argue 
are in support of the localized knowledge spillovers hypothesis. Over time, 
researchers have used finer data sets and more advanced econometric 
techniques. However, as argued by Bresch and Lissoni (2001), this approach 
has failed to model mechanisms of knowledge spillovers and hence it is not 
clear if one can really interpret these findings as evidence of the existence of 
localized knowledge spillovers. In other word, the knowledge production 
function approach can show the difference between local and distant R&D on 
innovation output, but it does not tell why there is such a difference and 
whether it shows the existence of localized knowledge spillovers, or the 
effects of externalities other than localized knowledge spillovers (such as labor 
market pooling and economic specialization as mentioned earlier).  
 
2.3.2  Paper trail approach 
 
Although Krugman (1991a) argues that ―knowledge flows are invisible, they 
leave no trail by which they may be measured and tracked‖, a number of 
studies have used data that trace paper trails of knowledge flows to test the 
existence of localized knowledge spillovers. Jaffe, et al (1993) trace the 
pattern of patent citations to explore both the temporal and geographic 
knowledge spillovers. They find that an innovative firm is more likely to quote 
research from a co-located university that conducts research relevant to the 
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firm than from a similar university located elsewhere. Almedia and Kogut 
(1997) employ the same method using data from the semiconductor industry 
and reach similar conclusions.  
 
Verspagen (1999) and Verspangen and Schoenmakers (2000) count the 
number of patent citations between pairs of region and then estimate a model 
where these counts are related to the geographical distance between a pair.  
Their results show that the number of cross-citations drops significantly as the 
distance of two regions increases. 
 
Kelly and Hageman (1999) use US patent counts at state-level, classified by 
two-digit SIC sectors. Using a quality ladder model, they show that patenting 
activity exhibits strong spatial clustering independent of the distribution of 
employment, and knowledge spillovers measured by the stock of patents are 
important determinants of a state‘s innovative performance. 
  
All these studies provide some evidence for the existence of clustering effect 
in innovative activities, but still have not shown mechanisms by which 
localized knowledge spillovers take place. In other words, these results show 
that local researchers prefer to cite local patents or publications, but do not tell 
what can explain such a preference. 
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2.3.3  Human capital approach 
 
Zucker et al (1994) argue that ideas are embodied in individuals who have the 
skill, knowledge and know-how to engage in technological advances. They 
examine the role of ―star scientists‖ that drive transformation of bio-scientific 
knowledge into commercial applications. A ―star scientist‖ is defined as a 
highly productive individual who has made a major discovery or breakthrough. 
They find localized linkages between stars and new biotech entities. The 
number of stars‘ publications predicts the productivity of biotech firms. 
Zucker et al (1997) find intellectual capital in terms of numbers of stars and 
their collaborations is predictive of new biotech entities. Using panel data on 
the number of new biotech entities within a local labor market, they 
demonstrated knowledge spillovers from the star scientists. 
 
Almedia and Kogut (1997) employ this method and consider inter-firm 
mobility of star patent holders in order to trace the transfer of ideas among 
semiconductors firms. They show that inter-firm mobility results in the 
transfer of ideas as demonstrated by subsequent assignments of patents and 
these knowledge spillovers are geographically confined. This study focuses on 
labor mobility as the mechanism of localized knowledge spillovers and shows 
the importance of labor mobility for knowledge transfers.  
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2.4   Summary 
 
While there is a consensus that knowledge spillovers play an important role in 
driving innovation and technical progress and hence economic growth, 
whether they are more likely to be localized and have geographical bounds 
remain a contentious issue. The argument for localized knowledge spillovers 
hinges on the tacitness as an intrinsic property of scientific and/or technical 
knowledge which is said to require physical proximity for spillovers to occur. 
However, this notion of tacitness has been contested in the literature.  
 
On the other hand, empirical studies have produced a large amount of findings 
that suggest that local and distant R&D have differing impacts on local 
innovation activities and that innovation activities tend to be geographically 
clustered. However, many of these studies have not identified the exact 
mechanisms by which knowledge spillovers occur and hence it is not clear 
whether these findings have indeed provided concrete evidence of localized 
knowledge spillovers. There could be other explanations. Clearly more 
research is needed in this important area. 
 
In this thesis, I will provide a case study of Singapore‘s Biopolis project, 
largely following the paper trail approach. The study uses co-authorship, 
instead of patent citation, as a proxy for knowledge spillovers, and to examine 
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whether this is related to spatial proximity. Patent citation does not necessarily 
involve face-to-face personal contacts, while co-authorship is more likely to 





Chapter 3  An Overview of the Singapore Economy, its R&D sector, and 
the Real Estate Project of Biopolis 
 
This chapter reviews the transformation of the Singapore economy after her 
independence in 1965; illustrates the importance of R&D investment for this 
small, highly open economy; and introduces the country‘s biomedical industry 
and the design of Biopolis, which is a real estate project aimed at upgrading 
Singapore‘s overall R&D capacity. 
 
3.1 Transformation of the Singapore economy 
 
With an average GDP growth rate of around 8% from 1965 to 2010, 
Singapore‘s economic growth has been impressive and remarkable. This rapid 
growth is achieved in five stages (Figure 3.1) and through continuous 
economic transformation and industrial upgrading (Economic Survey of 
Singapore 2010, p3). In the first decade after independence, growth of the 
Singapore economy was led mainly by labor-intensive manufacturing. In the 
following twenty years, skill-intensive manufacturing played a main role. In 
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the 1980s, the country pursued a capital-intensive development strategy and, 
in the 1990s, the focus was on technological-intensive growth. In the last 
decade, knowledge-based economy and innovation have become the key 
drivers of growth.  
 
Singapore is now an important business, financial, transport, and 
communications services hub in the Asia-Pacific region. However, 
manufacturing remains important for the economy, with its share of GDP 
staying above 25 per cent for most years in the last two decades (Wong, 2005). 
In 2006, output produced by electronics, chemicals, engineering, and 
biomedical sciences sectors together amounted to SG$219 billion, accounting 
for 93% of the total manufacturing output. The biomedical sciences sector 
alone accounted for 8% of the total manufacturing output (National Survey of 
Research and Development in Singapore 2010, p4). 
Figure 3.1 Transformation of Singapore Economy 
 
  Source: Economy Survey of Singapore 2010. 
Since 2000, Singapore has been working towards a knowledge-based and 
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innovation-driven economy (Ho, Wong and Toh, 2009). In order to overcome 
the limitation of its small size, enable more efficient use of existing resources 
and ensure the continuous growth and prosperity, the country has invested 
heavily in R&D and this has become a national strategy (Lee, 2011). Investing 
in science and technology is necessary because scientific and technological 
advances are among the key drivers of economic growth and development. 
 
Figure 3.2 Research and researcher intensity, Singapore and OECD 
countries, late 2000s
 
  Note: FTE is the full time employed researchers; GERD is gross expenditure of R&D.   
  Source: National Survey of R&D in Singapore 2010.  
 
Singapore‘s R&D investment was limited until the late 1980s, with the ratio of 
Gross Expenditure of R&D (GERD) to GDP only at 0.86% in 1987, below the 
norm of advanced countries (National Survey of Research and Development in 
Singapore 2010, p18). Since then, its R&D investment intensity has increased 
significantly, with GERD experiencing a twenty-fold increase between 1987 
and 2010 and the GERD/GDP ratio more than doubling to reach 2.6% in 2010, 
at parity with the OECD average (Figure 3.2) (National Survey of Research 
 23 
and Development in Singapore 2010, p18). 
 
3.2 Singapore’s biomedical industry and Biopolis 
 
3.2.1 The Biomedical industry 
 
Singapore‘s biomedical industry has experienced strong growth in recent years, 
accompanied by rapid developments in biomedical sciences, driving up its 
manufacturing output. In 2010, Singapore's biomedical sciences 
manufacturing output rose to SG$21 billion and it is targeted to reach SG$25 
billion by 2015 (Overview of Singapore‘s Pharmaceutical and Biotechnology 
Industry, p13). The growth of the biomedical industry has been accompanied 
by an increasing number and expansion of the size of pharmaceutical, 
biotechnology and medical device companies. 
 
In 2010, Singapore‘s public R&D spending on biomedical sciences reached 
US$891 million, accounting for 41% of the country‘s total public R&D 
expenditure (Figure 3.3) (National Survey of R&D 2010, p13). In the same 
year, biomedical companies from all over the globe invested over US$700 
million in Singapore. In 2009, the biomedical sciences sector contributed 
approximately 4% of Singapore's GDP and employed more than 16,000 
workers (National Survey of R&D 2010, p14). 4,300 researchers carry out 
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Figure 3.3 Singapore’s public expenditure on R&D by fields 
 
    Source: National Survey of R&D 2010, Singapore. 
 
Singapore‘s biomedical R&D capacity rapidly developed after the biomedical 
industry became a key driver of the economy. One way of measuring a 
country‘s R&D capacity is to look at its university rankings as these contain 
several indicators relating to R&D. For example, the biomedical department of 
the National University of Singapore rose in ranking from 20 in 2009 to 13 in 








Table 3.1 QS world university rank 2010, the biomedical area 
      Source: QS world university rank office website. 
 
An important feature of the biomedical industry is a high level of 
collaborations between laboratories and universities (Kazt and Martin, 1997). 
There are mainly two reasons for this. Firstly, modern biomedical research 
techniques are very specialized, and even researchers working in the same 
fields may not understand each other‘s techniques. Thus researchers can 
benefit enormously from collaborations and interactions. Secondly, through 
sharing expensive experimental equipments and machines, collaborations help 
to raise the efficiency of research funding.   
 
An interview with Biopolis researchers suggests that biomedical production 
normally takes place following five steps (Figure 3.4): (1) Universities, 
intra-industry laboratories and inter-industry laboratories collaborate in 
experiments; (2) after getting results from experiments, researchers apply for 
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patents and publish their research findings; (3) patent awarded; (4) researchers 
design products and make preparations for clinical trials; and (5) finally, 
industrial companies acquire licenses to manufacture and sell the products. 
This thesis mainly focuses on the collaboration in the first step and 
investigates its effect on the second step. 
 
Figure 3.4 Procedure of biomedical production 
 
Source: Author‘s summary 
 
3.2.2 A brief introduction of Biopolis 
 
Biopolis, located at One-North, is one of Jurong Town Corporation‘s (JTC) 
key real estate projects and it aims to make the biomedical industry the 
country‘s next engine of economic growth. It aims to become the biomedical 
research hub for public and private institutes and organizations in Asia. It is 
located at the heart of Singapore, and next to National University of Singapore 
and National University Hospital. Biopolis is intended to be a space devoted to 








Product Design and 
Clinic trial 
Manufacturing, 
Sales and Profit 
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Figure 3.5 Translational Research and Clinical Research in Biopolis 
 
   Source: A*STAR STEP2015 Report, p9. 
3.2.2.1  A*STAR, Biopolis research institutes, and the real estate project 
Ten research institutes share the site of Biopolis with Agency for Science, 
Technology and Research (A*STAR). A*STAR is the government agency 
which directs domestic Science and Technology Policy (A*STAR STEP2015 
Report, p21). The ten research institutes are: (1) Bioinformatics Institute (BII); 
(2) Bioprocessing Technology Institute (BTI); (3) Genome Institute of 
Singapore (GIS); (4) Institute of Bioengineering and Nanotechnology (IBN); 
(5) Institute for Medical Biology (IMB); (6) Institute of Molecular and Cell 
Biology (IMCB); (7) Singapore Bioimaging Consortium (SBIC); (8) 
Singapore Consortium of Cohort Studies (SCCS); (9) Singapore Institute for 
Clinical Sciences (SICS); and (10) Singapore Stem Cell Consortium (SSCC). 
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Biopolis is to be developed in 5 phases. Phase 1 was launched in 2003 and it 
costs SG$500 million to build. It provides 200,000 square meters (sqm) of 
research space, which is now home to more than 2,000 scientists, researchers, 
technicians and administrators. Phase 2 was officially opened in 2006. The 
additional 37,000 sqm of areas comprise of two buildings—Neuros and 
Immunos. Phase 3 was completed in January 2011. Phases 4 and 5 are 
currently under construction and will be completed in 2013. Phase 4 has been 
taken up by Procter & Gamble for its Singapore Innovation Centre, whilst 
Phase 5 will provide 46,182 sqm of biomedical research facility for additional 
laboratory space, including ready-fitted laboratories (i.e., Shell-plus laboratory) 
catering to biomedical SMEs and start-ups through saving the companies‘ time 
and resources during their initial setup phase (A*STAR 2011, p73). 
 
3.2.2.2 How does design and planning of Biopolis facilitate localized 
knowledge spillover? 
Biopolis is designed as a seven buildings cluster for working, living, playing 
and learning (A*SRAR 2011, p72). It is a research-based industrial real estate 
project with mixed land use. The aim of mixed land use in Biopolis is to 
internalize the externalities, such as knowledge spillovers, so that leads to 
clustering effect and higher productivity. 
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The design of this cluster is aimed to reduce transport cost and increase the 
chance of formal and informal interactions between researchers. Biopolis 
provides all-embracing world-class facilities for research and development in 
a closely-linked complex, including a stocked library, laboratories, 
auditoriums, lecture theatres, video conferencing rooms and other specialized 
shared facilities (Biopolis 2012, p12). The researchers‘ dormitories and 
apartments surround the cluster within 5-minutes walking distance. There are 
also cafes, shops, restaurants, a 350-room business hotel, a food court, a 
childcare center, a bookshop and other conveniences that help create a friendly 
living and working environment (Biopolis 2012, p14). Moreover, the 
laboratory space in Biopolis adopts transparent design. Appendix 5 shows a 
view of Biopolis laboratory. The transparent glass walls allow the researchers 
to see each other during work. It facilitates the inside communication and 
cooperation among the researchers. 
 
The design of Biopolis‘ buildings encourages interactions between researchers 
and the exchange of ideas. In the cluster, the blocks are closely linked to one 
another by sky-bridge (see Figure 3.6 the upper one). Figure 3.6 lower one  
also shows the inside view of the sky-bridge. The bridges are narrow and 
congested in order to increase chances of people‘s interaction. The streets are 
also designed as narrow and shaded, so that everyone would be within walking 
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distance of one another and could interact informally. Meanwhile, some public 
places, for example, the Epicenter at the heart of the Biopolis, are designed to 
be hotspots for researchers‘ interactions. By making use of wind tunnel 
movements to effectively cool the public space, it allows for an outdoor 
environment amidst the humid tropical climate (Biopolis 2012, p48). Retail 
belts also serve to add vibrancy to the biomedical community. 
 
Figure 3.6 Biopolis Sky-bridges 
 
 Note: Upper: the sight from outside; lower: the sight from inside. 
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The location choice of Biopolis is different from common choice for a 
research-based industrial park. Usually, industrial park is placed on the edge of 
a city since the land is cheaper and zoning laws are often more negotiable. To 
promote the collaboration and communication between Biopolis and other 
Singapore biomedical institutes, location of Biopolis is placed in the heart of 
Singapore and it is linked to Singapore‘s transport network closely. Biopolis is 
surrounded by three MRT stations and more than ten bus stations. It is fast and 
efficient in linking Biopolis to others part of the island. It only takes around 10 
minutes for researchers to visit National University of Singapore and 30 
minutes to reach the city center. 
 
3.2.2.3  Main objectives of Biopolis 
 
Biopolis has three principal objectives (A*STAR 2011, p73). The first is to 
attract biomedical talents. This research hub attracts top talents to do 
world-class research in Singapore. It also serves as a training center for 
undergraduate and graduate students, thus helping to improve the overall 
education level of Singapore‘ population. The human capital is the most 
crucial element for the biomedical industry to grow. 
 
The second objective is to integrate and synergize the capabilities and 
resources of A*STAR's research institutes and to encourage cross-disciplinary 
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research. There are two types of researches collaboration: basic research 
collaboration and applied research collaboration (Figure 3.7). Basic research 
collaboration occurs among Biopolis research institutes and universities, while 
that in applied research occurs among Biopolis institutes and other industrial 
institutes, hospitals and corporate laboratories. 
 
Figure 3.7 Structure of collaboration in Biopolis 
 
   Source: A*STAR STEP2015 Report. 
 
Biopolis‘ third objective is to link the private sector and public sector research 
work. Such close interfaces between researchers from industry and scientists 
from research institutes could accelerate the translation of new discoveries to 
marketable products (A*STAR 2011, p74). 
 
3.3  Summary  
 
Investment in R&D is Singapore‘s national strategy and biomedical R&D is 
one of the most important steps in implementing this strategy. As part of this 
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strategy, the Singapore government launched the real estate project, Biopolis, 
to upgrade its biomedical R&D capacity. As discussed in previous sections, 
the physical design of Biopolis has considered the needs for and ways of 
facilitating researchers‘ interactions and the exchange of ideas in public spaces. 
The project aims to promote both intra-industry and inter-industry 
collaborations within Biopolis and generate localized knowledge spillovers 




Chapter 4   Methodology and Data 
 
4.1  Introduction 
 
This chapter first outlines the methodology used in the study and then 
describes the data set. The methodology follows the conceptual framework of 
the localized knowledge spillovers and involves testing its key hypothesis that 
knowledge spillovers are more likely to be localized and have geographical 
bounds. This is to be carried out by examining whether co-authorship, a proxy 
for knowledge collaboration and spillovers, is more likely to take place 
between researchers located within Biopolis. The data set used in the study is 
collected by myself and it covers 2,618 bioscience-related journal articles 





The methodology follows the literature on localized knowledge spillovers. The 
key hypothesis to be tested is that the spatial proximity among research 
institutes located in Biopolis enhances face-to-face interactions among 
researchers affiliated with these research institutes, and more face-to-face 
interactions increase the chance of research collaborations among these 
researchers. The study argues that research collaborations are an important 
channel of knowledge spillovers. The above is illustrated in Figure 4.1.  
 
Figure 4.1 The framework for the hypothesis testing 
 
 
This study uses co-authorship as a proxy for knowledge collaborations and 
spillovers. Conceptually, localized knowledge spillover is an externality 
phenomenon, while localized co-authorship is collaboration. Face-to-face 
interaction is the way and channel to link and internalize the knowledge 
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spillovers, and the co-authorship is the observable result of such 
internalization. Beside face-to-face interaction, co-authorship is affected by 
other factors, such as funding programs, resource sharing and skill 
complementarities. However, all theses factors do require face-to-face 
interaction more or less. Thus, this study adopts co-authorship to measure 
localized knowledge spillover. In scientific research, co-authorship is a key 
form of knowledge collaboration, especially in biomedical sciences (Kazt and 
Martin, 1997). While it has been argued that co-authorship may not be the 
only form and result of collaborations (Merlin and Persson, 1995), it does 
provide a practical way of capturing knowledge spillovers through paper trails. 
 
The empirical analysis involves the following steps: 
Firstly, journal publications by authors affiliated with any of the eight 
A*STAR biomedical research institutes located in Biopolis are identified from 
publication information provided in official web sites of these research 
institutes on a yearly basis from 2002 to 2010.   
 
Secondly, the names of the authors are inputted to Google Scholar to collect 
the full information for each of the published article. The full information 
includes the entire list of the author or co-authors, his/her or their 
organizational affiliations, journal title, date of publication, number of 
citations, and source of the publication (web links). The National University of 
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Singapore (NUS) library system is also used to access each paper. 
 
Thirdly, all the articles are grouped into the following categories: (1) 
single-authored articles, which are excluded from the analysis; (2) co-authored 
by researchers from different institutes located in Boipolis, labeled as ―Group 
A‖. Articles included in this group involve co-authors from at least two 
institutes located in Biopolis; (3) co-authored by researchers from one institute 
located in Biopolis and other research institutes located outside Boipolis but in 
Singapore, labeled as ―Group B‖. In this group, co-authors may or may not 
include researchers located abroad; (4) co-authored by researchers from a 
same research institute located in Biopolis, labeled as ―Group C‖; and (5) 
co-authored by researchers from one institute located in Biopolis and other 
research institutes which are all located outside Singapore, labeled as ―Group 
D‖. Among these four groups, Group A and Group B can be considered as 
―treatment‖ groups in the sense that they are most likely to be affected by the 
Biopolis project, while Group D can be considered as a ―control‖ group as it 
involves co-authors with the longest physical distance from Biopolis. Group C 
involves co-authorships by researchers from a same institute located in 
Biopolis. While these co-authorships are affected by face-to-face interactions, 
such interactions occur with or without the Biopolis project. In this sense, 
Group C can also be considered as a ―control‖ group.    
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Fourthly, growth rate and the share of co-authorships of the four groups are 
calculated and compared. In addition, the average number of Biopolis- and 
Singapore-based affiliations and average share of Biopolis- and 
Singapore-based co-authors per article are estimated on a yearly basis.   
Finally, the above results are used to test the hypothesis. If the hypothesis that 
spatial proximity helps facilitate knowledge spillovers is valid, over time after 
the Biopolis project is launched, we could observe the following: (1) the 
shares of Group A and Group B co-authorships will both increase, while the 
share of Group D co-authorships will decrease; (2) the share of Group A 
co-authorships will increase faster than that of Group B co-authorships; (3) the 
share of Group C co-authorships may or may not change; and (4) the average 
number of Biopolis- and Singapore-based affiliations and share of 
Biopolis-based and Singapore-based co-authors per article will increase.   
 
In addition to examining the pattern of co-authorships, this paper will look at 
innovation outputs associated with the research institutes located in Biopolis, 
in terms of patents applied and awarded, publication citations, and 
publications in top professional journal as supplement evidence for the 
localized knowledge spillovers.   
 
Table 4.1 summarizes the analysis steps and Table 4.2 presents the grouping 
criterion of the four groups of co-authorships.  
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Table 4.1 Steps of the empirical analysis 
 
Step 1 Identifying journal publications co-authored by 
researchers affiliated with the institutes located in 
Biopolis from the official web sites 
Step 2 Collecting information on all co-authors of each 
article using Google Scholar and the NUS library 
system 
Step 3 Classifying all the co-authored articles into four 
groups using the criterion detailed in Table 4.2 
Step 4 Estimating growth rate and share of co-authorships 
of each of the four groups as well as average number 
of Biopolis- and Singapore-based affiliations and 
share of Biopolis- and Singapore-based co-authors 
per article on a yearly basis.   
Step 5 Testing the hypothesis of spatial proximity 
facilitating knowledge spillovers by examining 
whether spatial proximity makes co-authorships 
among Biopolis- and Singapore-based researchers 
more likely.  
 
 
Table 4.2 Co-authorship grouping criterion 
 
Group A Articles co-authored by researchers 
with at least two different institutes 
located in Boipolis 
Group B Articles co-authored by researchers 
with only one institute located in 
Biopolis and other research institutes 
located outside Boipolis but in 
Singapore. In this group, co-authors 
may or may not include researchers 
located abroad 
Group C Articles co-authored by researchers 
from the same research institute 
located in Biopolis 
Group D Articles co-authored by researchers 
from one institute located in Biopolis 
and other research institutes which are 




 4.3 Data  
 
The data cover a total of 2,618 co-authored articles published from 2002 when 
Biopolis was launched to 2010. Since 3 of the 11 existing research institutes 
now located in Biopolis were established in 2008 and publication records are 
not available yet, 8 institutes are finally selected in this study. Of these, 6 were 
established in 2002 and 2 were established in 2007. Two examples of 
publication records are provided below. 
 
 
Table 4.3 Publication Record Example 1 






Title  5‘ Long serial analysis of gene expression (LongSAGE) and 3‘ Long SAGE for 





, Kuo Ping Chiu
1
, Chee Hong Wong
2
















Journal  PNAS, August 10, 2004 vol. 101 no. 32  
Web source  http://www.pnas.org/content/101/32/11701.short 
 40 
Table 4.4 Publication Record Example 2 
Source: Author‘s compilation.  
 
In Example 1, there are totally 8 co-authors. All of them are from two Biopolis 
institutes: GIS and BII. Both of the two institutes were established before or in 
2002. The article is grouped in Group A, meaning that it is co-authored by 
researchers from different Biopolis research institutes. In the excel form, this 









Title  Derivation of functional insulin-producing cell lines from primary mouse 
embryo culture 





























National University of Singapore, 
2 
Genome Institute of Singapore (Biopolis), 
3 
University of Geneva, 
4 
Institute of Medical Biology (Biopolis), 
5 
National 
Cancer Center Singapore, 
6
Nanyang Technological University Singapore 
Journal  Stem Cell Research Volume 2, Issue 1, January 2009, Pages 29–40 
Web source  http://www.sciencedirect.com/science/article/pii/S1873506108000585 
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Table 4.5 Excel form record of example 1 
Source: Author‘s compilation. 
 
Example 2 is a paper co-authored by 6 institutes and universities, including 
two Biopolis institutes (GIS and IMB), two Singapore universities (NUS and 
NTU), Singapore biomedical institute National Cancer Center which is located 
outside Biopolis, and Univeristy of Geneva. Following the grouping criteria, 
this paper is grouped as Group A. Four of the twelve authors are from Biopolis 
institutes, so the percentage of authors from Biopolis is 33%. Eleven of the 
twelve are from Singapore research institutes, so the percentage of authors 
from Singapore is 92%. It is worth noting that the last author has three 
affiliations. In these multi-affiliations cases, if one affiliated institute is located 
in Biopolis, the author is classified as a researcher from Boipolis. If none of 
the affiliate institutes is located in Biopolis, but at least one is located in 
Singapore, then the author is classified as a researcher from Singapore. If none 
Publication year  2004 
Co-authorship group  A 
Number of Authors 8 
Number of Affiliations  2 
Percentage of Author from Biopolis  100% 
Percentage of Author from Singapore  100% 
Number of Citations (Google Scholar) 87 
Web source  http://www.pnas.org/content/101/32/11701.short 
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of the affiliated institutes is located in Singapore, then the author is classified 
as a researcher from abroad. The data recording of this paper in the excel form 
is: 
 
Table 4.6 Excel form record of example 2 




The thesis adopts methodology that follows the literature on localized 
knowledge spillovers. It contains five steps to analyze the database, which 
constructed by myself. The data are grouped into 4 groups by the physical 
distance between co-authored affiliations. The database could be enlarged and 
enriched for the future research. 
 
Publication year  2009 
Co-authorship Group  A 
Number of Authors 12 
Number of Affiliations  6 
Percentage of Authors from Biopolis  33% 
Percentage of Authors from Singapore  92% 
Number of Citations (Google Scholar) 6 
Web source  http://www.sciencedirect.com/science/article/pii/S1873506108000585 
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This chapter presents the results of the analysis. It provides empirical evidence 
that appears to suggest that the Biopolis project by locating many public 
biomedical research institutes in one central location increases the possibility 
of research collaborations among the researchers located in Biopolis, which is 
in support of the hypothesis that spatial proximity facilitates localized 
knowledge spillovers.  
 
The chapter presents the evidence in three ways. The first involves comparing 
the number and share of co-authorships over time among the four groups as 
classified in Section 4. Higher growth rates and increasing shares of Group A 
and Growth B relative to those of Growth D and Growth C are in support of 
the existence of localized knowledge spillovers. The second approach is to 
look at the average numbers or shares of Biopolis- and Singapore-based 
affiliations or co-authors per co-authorship over time. An increasing number 
of Biopolis- and Singapore-based affiliations and a rising share of Biopolis- 
and Singapore-based co-authors per co-authorship provide additional evidence 
for the existence of localized knowledge spillovers. The third approach is to 
examine whether the launch of the Biopolis project in 2002 has been 
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associated with rising innovation outputs in biomedical sciences in Singapore, 
measured in patents applied and awarded, paper citations, and publications in 
the top journals. This information, although only indirectly, will also provide 
useful insights. Limitations of these approaches to proving the existence of 
localized knowledge spillovers will also be highlighted in this chapter.  
 
5.2 Co-authorships by group  
 
This section looks at the pattern of co-authorships by group in two steps. The 
first step is to look at the entire sample—the co-authorships associated with all 
the 8 research institutes located in Biopolis—and the entire period from 2002 
to 2010. Among the 8 research institutes located in Biopolist, 6 were 
established in 2002 and 2 were established only in 2007. It can be argued that 
it may take some time to develop collaboration practices and culture after the 
Biopolis project was launched. If that is the case, co-authorships under Group 
A may have a slow start in the initial years. However, the two new institutes 
came into existence when the Biopolis project was already well developed and 
it is likely that the collaboration practices and culture were already well 
established. So if the hypothesis of localized knowledge spillovers is valid, the 
two institutes established in 2007 are likely to have greater impact on 
co-authorships than the six established in 2002 in initial years. The second 
step in this section is to look at whether this is the case. 
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5.2.1 Co-authorships by group, the full sample 
 
Table 5.1 reports the number and percentage share of co-authored publications 
for the entire sample period by group. From 2002 to 2010, there were totally 
2,618 co-authored publications that involve at least one researcher affiliated 
with a biomedical research institute located in Biopolis. Of these, 1,002, or 38% 
of the total, are classified under Group D, co-authored by researchers from one 
institute located in Biopolis and other research institutes which are all located 
outside Singapore; 874, or 33%, are classified under Group B, co-authored by 
researchers from one institute located in Biopolis and other research institutes 
located outside Boipolis but in Singapore; 462, or 18%, are classified under 
Group C, co-authored by researchers from a same institute located in Biopolis; 
and 280, or 11%, are classified under Group A, co-authored by researchers 
from different institutes located in Boipolis and accounting. Figure 5.1 shows 
the percentage share by group graphically. 
 
Table 5.1 Number and percentage share of co-authored publications by 
group, 2002-2010 
Grouped by Physical Distance No. of Publication Percentage 
Group A 280 11% 
Group B 874 33% 
Group C 462 18% 
Group D 1002 38% 




Figure 5.1 Percentage share of co-authored publications by group, 
2002-2010 
 
Source: Author‘s calculation 
The dominance of the co-authorships involving foreign research institutes 
(Group D) and a small number of those between researchers from different 
institutes located in Biopolis (Group A) appear to work against the localized 
knowledge spillovers hypothesis. However, it is important to note that most of 
the research institutes located in Biopolis were newly established with 
researchers recruited globally. It is entirely possible that the researchers 
recruited from abroad continued collaborations with their previously affiliated 
institutions initially after they moved to Biopolis, but switched to 
collaborations with researchers located in Biopolis over time, when their 
face-to-face interactions increased, as suggested by the localized knowledge 
spillovers hypothesis. If that is true, then we would observe that Group A 
co-authorships increase faster and Group D co-authorships increase more 
slowly, if not decline. This is indeed the case, as suggested by Figure 5.2 and 











Figure 5.2 Growth of co-authored publications by group (%), 2002-2010 
 
Source: Author‘s calculation 
 
Figure 5.2 shows that, during 2002-2010, Group A co-authorships increased 
by about 70 times,
3
 while Group D also increased, but only by 1.4 times. At 
the same time, Group B co-authorships grew by more than 7 times, and Group 
C by 3 times. The sum of Group A and Group B increased by more than 10 
times. These figures suggest that spatial proximity increases the probability of 
knowledge collaboration. A major cause could be the localized knowledge 
spillovers due to increased face-to-face interactions among researchers after 




                                                        
3
 There was no co-authorship for Group A in 2002. Hence the growth rate was 
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Figure 5.3 Percentage share of co-authorships by group and year (%), 
2002-2010 
 
Source: Author‘s calculation 
Figure 5.3 shows more evidence of increased collaborations among 
researchers located in Biopolis after it was launched in 2002 that is in support 
of the localized knowledge spillovers hypothesis. Group D 
co-publications—involving collaborations between Biopolis researchers with 
their foreign counterparts—accounted for 60% of the total in 2002, but this 
figure fell to about 40% in 2003 and 32% in 2004. It increased to 44% in 2005, 
but since then was on a decline and fell to 30% in 2010. On the other hand, the 
share of Group A co-authorships started with zero in 2002 and stayed very low 
in 2003, but since then the share was on a steady rise, exceeding 10% in 2007 
and reaching 17% in 2009, before falling slightly to 16% in 2010.  
 
During the same period, the share of Group B co-authorships—involving 
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collaboration between Biopolis researchers and those outside Biopolis but in 
Singapore—also increased, from 22% in 2002 to close to 40% in 2010, 
although there were large fluctuations during the period. Nevertheless, the 
increase in Group B was much less pronounced than that in Group A, thus 
consistent with the hypothesis that spatial proximity facilitates knowledge 
spillovers.  
 
Finally, the share of Group C co-authorships, involving researchers from a 
same institute located in Biopolis, declined slightly, from 18% in 2002 to 16% 
in 2010, without much fluctuation during the period. As pointed out earlier, 
collaborations between researchers from a same institute occur with or without 
the Biopolis project. Hence it is not surprising to see that its share stayed more 
or less unchanged.  
 
5.2.2  Co-authorships by group, splitting samples 
 
As argued earlier, the fact that the share of Group A co-authorships stayed at 
or below 4% in the first three years may be due to the fact it takes time to 
develop collaboration practices and culture. Among the 8 research institutes 
located in Biopolist, 6 were established in 2002 and 2 were established only in 
2007. The two new institutes came into existence when the Biopolis project 
already well developed and it is likely that the collaboration practices and 
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culture were already well established. If that is the case, and if spatial 
proximity facilitates knowledge spillovers, we may observe that adding two 




Figure 5.4 Percentage share of co-authorships by Group A, 2002-2007 and 
2007-2010 
 
Source: Author‘s calculation 
We can test this by splitting total Group A co-authorships into two sub-groups:  
before 2007 and after 2007. The before-2007 sub-group covers 6 research 
institutes. The after-2007 sub-group covers 8 institutes and the total 
co-authorships of this sub-group can be further divided into those among the 
six institutes that existed before 2007 and those involving at least one of the 
two newly established institutes. The results are shown in Figure 5.4.     
 
Figure 5.4 shows that during 2002-2004, the share of Group A co-authorships 











2002 2003 2004 2005 2006 2007 2008 2009 2010
Group A publication from 2
new institutes
Group A Publication from 6
old instiutes
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co-authorships between new institutes and old ones also increased from zero 
to 4% (see the read shaded area). Although the increase is the same, in terms 
of per incremental institute, the new institutes (2) had a greater impact on 
co-authorships than those established before 2007 (6) in the initial period. This 
is in support of the localized knowledge spillovers thesis.     
 
The above findings, in both sub-sections 5.2.1 and 5.2.2, provide evidence that 
the Biopolis project by reducing physical distance between researchers has 
increased the possibility of them engaging in knowledge collaborations, 
perhaps through more face-to-face interactions, suggesting the existence of 
localized knowledge spillovers. However, there could be arguments that go 
against this conclusion. Two such arguments are highlighted below. 
 
First, the increased knowledge collaborations, as measured by co-authorships, 
could be due to the increased possibility of sharing research facilities that are 
made possible by locating the research institutes in the same field in one 
centralized place, which is what Krugman called the economic specialization 
channel of economies of agglomeration (Krugman 1991a). If that is the case, 
the increased collaborations are due to other channels of the economies of 
agglomeration, but not necessarily the pure knowledge spillovers. Identifying 
the exact channel or channels requires more research, for instance, by 
surveying the co-authors how their collaborations were initiated and what the 
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motivations were. While this is beyond the scope of this study, it can also be 
argued that even if sharing research facilities is a channel, there is no reason 
why there are no localized knowledge spillovers that are also at work.  
 
Second, the increased knowledge collaboration among different researchers 
located in Biopolis may also be due to the fact that some of the co-authors 
were previously hired by research institutes abroad, they were collaborating 
even before the Biopolis project was launched and they moved to Biopolis 
together after it was launched. This is possible given that it has been the 
Singapore government‘s policy to attract world class researchers globally. 
However, if this is a primary reason for the increase in collaborations among 
researchers located in Biopolis, the increase should take place in 2002 and 
2003. The fact that this did not occur in the first two years suggests that this is 
unlikely the case.  
 
5.3 Biopolis- and Singapore-based author affiliations and authors  
 
The rising shares of Group A and B co-authorships can be a result of 
collaborations among researchers from many Biopolis-based or 
Singapore-based institutes, but can also be a result of collaborations among 
researchers from only a small number of Biopolis-based or Singapore-based 
institutes with those abroad. Obviously, the former provides stronger support 
for the localized knowledge spillovers than the later case. To address this issue, 
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this section looks at the numbers of Biopolis- and Singapore-based author 
affiliations and share of Biopolis- and Singapor-based co-authors per 
co-authorship. The results, as shown below, provide stronger support for the 
localized knowledge spillovers hypothesis. 
 
Figure 5.5 shows the average number of author affiliations per article on a 
yearly basis, for all co-authorships, Group A co-authorships, and Group A + 
Group B co-authorships. From 2003 to 2010, the average number of author 
affiliations per article increased from about 3 to about 5 for Group A 
co-authorships, from slightly below 3 to 4.5 for Group A + Group B, and from 
2.5 to 4.5 for all co-authorships. This suggests that research collaborations 
have taken place not just between a small number of institutes, but among 
researchers from many different institutes. 
 
Figure 5.6 shows the average shares of Biopolis-based and Singapore-based 
co-authors per article for the entire sample during 2004-2010. The average 
share increased from 20% to 30% for the Biopolis-based co-authors, and from 
60% to 70% for all Singapore-based co-authors (including those in Biopolis). 
This suggests that more and more Biopolis and Singapore-located researchers 
are participating in research collaboration and, in particular, the majority of the 




Figure 5.5 Average number of affiliations per article by group, 2003-2010 
 
Source: Author‘s calculation 
 
Figure 5.6 Average share of Biopolis- and Singapore-based co-authors per 
article 
 
Source: Author‘s calculation 
 
5.4 Other evidence on the localized knowledge spillovers from Biopolis: 
Total research activity and R&D productivity 
  
Besides the evidence from previous analysis, data on total research activity 
and R&D productivity associated with Biopolis also show the effect of the 
































activity in Biopolis is indicated by total number of publication each year. 
Meanwhile, the number of publications per researcher each year and the 
numbers of patent applications and awards measures R&D productivity in 
Biopolis. 
 
Figure 5.7 illustrate the trend of total number of publication each year and 
total number of publication per researcher each year. Figure 5.7 shows the 
numbers of patent applications and awards associated with research institutes 
owned by A*STAR‘s from 1995 to 2009. It is noticeable that in 2004, two 
years after the launch of the Biopolis project, both patent applications and 
awards experienced a large increase. The number of patent applications 
increased from 130 in 2002 to 225 in 2004. Similarly, the number of patent 
awards increased from 46 to 98 during the same period. Since then, numbers 
of patent applications and awards stayed high, although fluctuating year by 
year. The average annual numbers of patent applications and awards were 206 
and 78 in 2002-2009, while the corresponding numbers were 70 and 14 in 
1995-2001. While A*STAR also established several other research institutes in 
2000s, it can be argued strongly that the large increase in the numbers of 
patent applications and awards was to a large extent due to the launch of the 




Figure 5.7 A*STAR’s patent applications and awards from 1995 to 2009 
 
 
Figure 5.8 Average numbers of citations per author and per affiliation, all 
the co-authored articles associated with Boipolis, 2004-2009. 
 
Source: Author‘s calculation 
Figure 5.8 shows the average numbers of citations per author and per 
affiliation of all the articles co-authored by Biopolis researchers and their 
collaborators (both in and outside Singapore). Both numbers show a stable 
trend from 2004 to 2009.  
 
Another important measure of the quality of research and innovation outputs is 
the number of papers published in top journals. For the biomedical research, 
the top journal worldwide is Nature and Science. Figure 5.8 shows that the 
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collaborators and published by Nature and Science increased significantly 
during 2002-2010, from 2 to 21. One important reason of this rise is that 
Biopolis attracted world-class biomedical talents such as Noble Laureate Dr 
Sydney Brenner and Professor Edison Liu from US, Europe and other regions. 
The talents not only carry out their own research, but also help build research 
capacities of scientists and institutes in Singapore and connect them to the top 
biomedical research institutes around the world. 
 
Figure 5.9  Number of publications in Nature and Science from the co-authored 
articles by Biopolis researchers and their collaborators, 2002-2010 
 







5.5  Robustness test: A comparison approach with more detailed 
categorization 
 
The categorization method in Section 4.2 may meet a problem: too many 
co-authored paper may fall into Group A. If the paper has several co-authors 
from two different Biopolis institutes, this paper belongs to Group A. Besides 
these co-authors, if there are other co-authors from other Singapore institutes 
or abroad, the paper still belongs to Group A. Although the study supposes that 
face-to-face interaction drops dramatically when the distance between 
researchers increases linearly, this problem may still lead to an overestimated 
result of collaboration trend because maybe the co-authors from foreign 
institutes or other Singapore institutes finish the main work. 
 
A different comparison approach is considered as following: 
Denote Bi and Bj to be two different institutes in Biopolis, S to be other 
institutes in Singapore but not in Biopolis, and O to be institutes overseas. (Bj 
may represent more than one institute within Biopolis). The relevant 
comparison could be: 
Bi + Bj          VS     Bi  
Bi + Bj + O      VS     Bi + O  
Bi + Bj + S      VS     Bi + S  
Bi + Bj + O + S   VS     Bi + O + S  
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The left side represents the publications have (or do not have) collaboration 
with other institutes (O, S or O+S), and have collaboration within Biopolis, 
while the right side represents the publications have (or do not have) 
collaboration with other institute (O, S or O+S) but have no collaboration 
within Biopolis. The comparison between the left side and right side could 
reveal the pattern of collaborated publication in Biopolis from 2004 to 2010. If 
the average annual growth rate of left side is significantly higher than the right 
side, it could be the evidence of increasing trend of collaboration within 
Biopolis. 
 
The result of comparison is listed as followings: 
First group‘s comparison for the number of publication each year: 
 2004 2005 2006 2007 2008 2009 2010 Avg growth 
Bi+Bj 3 5 5 11 13 13 21 38% 
Bi 48 52 63 59 54 62 74 7% 
 
Second group‘s comparison for the number of publication each year: 
 2004 2005 2006 2007 2008 2009 2010 Avg growth 
Bi+Bj+O 3 1 6 12 11 17 13 28% 
Bi+O 73 118 135 127 125 161 142 12% 
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Third group‘s comparison for the number of publication each year: 
 2004 2005 2006 2007 2008 2009 2010 Avg growth 
Bi+Bj+S 1 4 8 12 11 23 18 62% 
Bi+S 59 60 79 61 51 66 98 8% 
 
Fourth group‘s comparison for the number of publication each year: 
 2004 2005 2006 2007 2008 2009 2010 Avg growth 
Bi+Bj+O+S 2 2 6 5 12 17 21 48% 
Bi+O+S 37 29 35 29 39 58 87 17% 
 
Above statistics show that all the average annual growth rates of left side 
publications are much higher than the right side ones. The robustness test has 
similar result as the analysis in Section 5.2.2 that the collaboration trend in 
Biopolis increases through 2004 to 2010. However, the evidence may be weak 
since the beginning numbers of publication at left side are too small. This may 
lead to another overestimated problem. One good way to solve this problem is 
to wait for next ten year and use the number of publication in 2009 or 2010 as 
the beginning number. If the average annual growth rates of left side are still 
higher than the right side significantly, the evidence of increasing 
collaboration trend within Biopolis would be strong and obvious. If so, it 
could also address the concerns at the end of Section 5.2.2 since it breaks an 




5.6  Summary 
 
On the basis of the above discussions, we can conclude that the Biopolis 
project, by locating public biomedical research institutes in one centralized 
location, has led to increased research collaborations among researchers from 
different institutes located within Biopolis and between Boipolis-based 
researchers and those outside Bipolis but in Singapore. Hence this paper has 
provided convincing supportive evidence for the existence of the localized 
knowledge spillovers. Such conclusions are based on the following findings.  
 
Firstly, there are significant research collaborations, measured by 
co-authorships, among researchers affiliated with different institutes located in 
Biopolis, between Biopolis-based researchers and those located outside 
Biopolis but in Singapore, and between Biopolis-based researchers and those 
affiliated with foreign institutions. The number of co-authorships has been 
increasing over time for all the three groups of collaborations. 
 
Secondly, the number of co-authorships among researchers from different 
institutes in Biopolis increased faster than that of co-authorships between 
Biopolis-based researchers and those outside Biopolis but in Singapore, which 
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in turn increased faster than that of co-authorships between Biopolis-based 
researchers and those from abroad. Correspondingly, the shares of 
co-authorships of the first and second groups increased during 2002-2010, 
while that of the third group declined; further, the share of the first 
group—co-authorships among co-authors physically located 
closest—increased faster than that of the second group. 
 
Thirdly, splitting the sample into those associated with Biopolis research 
institutes established in 2002 and in 2007, it is found that the co-authorships 
had a slow start in the initial years of their establishment for the first 
sub-sample, likely due to the fact that it takes time to develop collaboration 
practices and culture when the Biopolis was newly established. But no such 
slow start existed for the second sub-sample, which came into existence when 
the Biopolis project was already well developed. 
 
Fourthly, the average number of author affiliations per co-authored article 
increased significantly for the first and second groups of co-authorships from 
2004-2010, suggesting that research collaborations among institutes in 
Biopolis and between those in Biopolis and outside Biopolis but in Singapore 
are becoming more and more widespread. Further, the average shares of 
Biopolis- and Singapore-based co-authors per article of all the co-authorships 
were high and also grew significantly, suggesting that these researchers played 
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a leading role in these collaborations. 
 
Finally, data on innovation outputs, in terms of patent applications and awards, 
citations of co-authored articles, and the number of publications in top journals, 
also suggest that the Biopolis project has had an important impact on making 




Chapter 6  Conclusions, Caveats and Future Research 
 
The biomedical sciences sector is one of the key pillars that have been 
identified by Singapore to upgrade the economy into a knowledge-based and 
innovation-driven economy. Over the last two decades or so, the government 
has taken a number of steps to support the development of the sector, 
including investing a significant amount in R&D. One major investment 
project is the construction of Biopolis, a 200 hectare high-tech industrial park, 
to house more than ten public biomedical research institutes and over 2,000 
biomedical researchers.  
 
This study aims to examine whether and to what extent Biopolis has generated 
the intended impacts and achieved its objectives 10 years after it was launched. 
More specifically, the study asks whether housing many biomedical research 
institutes in one centralized location, through encouraging formal and informal 
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face-to-face interactions and repeated contacts, has increased collaborations 
among researchers located in Biopolis and led to more knowledge spillovers. 
The key findings of the study can be summarized as follows. 
 
First, there were significant levels of collaborations, measured by 
co-authorships, among researchers affiliated with different institutes located in 
Biopolis; between Biopolis-based researchers and those located outside 
Biopolis but in Singapore; between Biopolis-based researchers and those 
affiliated with foreign institutions; and among researchers in the same institute 
located in Biopolis. 
 
Second, during 2002-2010, the number of co-authorships among researchers 
from different institutes in Biopolis increased faster than that of co-authorships 
between Biopolis-based researchers and those outside Biopolis but in 
Singapore, which in turn increased faster than that of co-authorships between 
Biopolis-based researchers and those from abroad. These results suggest that 
spatial proximity does matter to the likelihood of entering collaboration by 
researchers.  
 
Third, from 2003 to 2010, the average number of author affiliations per 
co-authored article increased significantly for the co-authorships among 
researchers from different institutes in Biopolis as well as for those between 
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Biopolis-based researchers and researchers located outside Biopolis but in 
Singapore, suggesting that research collaborations among Biopolis- and 
Singapore-based researchers are becoming more and more widespread. Further, 
the average shares of Biopolis- and Singapore-based co-authors per article of 
all the co-authorships were high and also grew significantly during 2004-2010, 
suggesting that these researchers played a leading role in these collaborations.  
 
Fourth, the study also found that the Biopolis project has had an important 
impact on making Singapore a global center for biomedical research and 
industry, as suggested by innovation outputs in terms of biomedical-related 
patent applications and awards in Singapore, citations of co-authored articles 
associated with Biopolis, and the number of biomedical-related publications in 
top journals. 
 
One interpretation of these results is that the Boipolis project, by housing 
many public research institutes in one centralized location, shortened the 
physical distance among researchers affiliated with these institutes, increased 
the opportunity for their face-to-face interactions and repeated contacts, and 
has led to more research collaborations among them than otherwise if these 
research institutes were located far apart from each other. Hence, the findings 
of this study are in support of the localized knowledge spillovers hypothesis.     
 
Although this study can serve as an empirical assessment on the effectiveness 
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of the Singapore government‘s US$5 billion investment in Biopolis, provides  
a documentation of an industrial real estate project that supports frontier 
biomedical R&D, and represents a contribution to the literature on localized 
knowledge spillovers, a number of its limitations need to be recognized. 
 
First, the time period covered by the dataset, from 2002 to 2010, is relatively 
short. Biopolis is only at the beginning step of the whole project, and longer 
time series are needed in order to assess its long-term impacts.    and the 
existing data  may not reveal its overall impact on the collaboration and 
co-authorship. 
  
Second, the control groups are not perfect. Although this study used Group C 
(collaborations among researchers in a same institute located in Biopolis) and 
D (collaborations between Biopolis-based researchers and those from abroad) 
as the control groups, to some extent, these two groups may also be affected 
by the newly established Biopolis project, which may lead to biases in results 
to certain degree. A perfect control group may be obtained following a 
randomized trials approach; for instance, a similar number of newly 
established research institutes located far apart. But this can be extremely 
expensive and not realistic for this type of studies.    
 
Third, the study considers the increased collaborations among researchers with 
close proximity as evidence of localized knowledge spillovers. But there could 
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be other reasons for the increased collaborations. For instance, housing many 
research institutes with similar research areas in one centralized location may 
increase the possibility of sharing research equipment among them, and this 
could also increase the likelihood of research collaborations. Of course, as 
argued in this thesis, even if this is true, there is no reason why increased 
faced-to-face interactions have not played a role in promoting the 
collaborations.     
 
 
To address the above limitations, three follow-up studies could be considered.  
 
The first is to enlarge the database by continuing monitoring the publications 
co-authored by Biopolis-based researchers and their collaborators in Biopolis, 
outside Bioplis but in Singapore, and outside Singapore, and conduct similar 
studies like this thesis at a regular interval (say, every 5 years).  
 
The second is to conduct a survey of the co-authors identified in this study to 
find out their motivations and reasons for the research collaborations. This will 
help establish to what extent spatial proximity and face-to-face interactions 
have played an important role in producing these co-authorships, hence they 
representing localized knowledge spillovers.   
 
The third is to construct a better control group by randomly selecting a similar 
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number of biomedical research institutes which are independent, established at 
more or less the same time and with similar sizes as the Biopolis project, but 
located far apart. This control group could be selected from the US, or Japan. 
Similar analysis could be carried out using data for this control group, and the 
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Appendix 4. Affiliation network of Biopolis 
 
 






Appendix 6. List of data sources on A*STAR website: 
 
Bioinformatics Institute (BII): 
http://www.bii.a-star.edu.sg 
Bioprocessing Technology Institute (BTI): 
http://www.bti.a-star.edu.sg/ 
Genome Institute of Singapore (GIS) 
http://www.gis.a-star.edu.sg 
Institute of Bioengineering and Nanotechnology (IBN) 
http://www.ibn.a-star.edu.sg 
Institute of Medical Biology (IMB) 
http://www.imb.a-star.edu.sg 
Institute of Molecular and Cell Biology (IMCB) 
http://www.imcb.a-star.edu.sg 
Singapore Institute for Clinical Sciences (SICS) 
http://www.sics.a-star.edu.sg 
Singapore Immunology Network (SIgN) 
http://www.sign.a-star.edu.sg 
